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Abstract
A process for purifying aqueous solutions containing heavy and toxic metals such as chromium has been investigated.
Hexavalent chromium compound is present at high concentration in the shovels and cranes factory, it is used in the
electrodeposition container; after its reduction by sodium bisulfites it changes into trivalent chromium.
The present work deals with the investigation and optimization of chromium (III) ions removal from aqueous
solutions by complexation enhanced ultrafiltration using experimental and calculation approach; diamine tetra-acetic
acid (EDTA) has been used as chelating agent for Chromium (III) complexation; in the first part the study of
experimental optimum conditions of complexation reaction is carried out; the second one the calculation of optimum
pH, initial concentration of chelating agent and the influence of chromium hydroxides forms on complexation
reaction using MATLAB language has been determined. Its shown that the Complexation reaction is favoured at pH
equal to 5.1, at excess EDTA concentration ([EDTA]0=0.095 M for [Cr(III)]0=0.003M), at ordinary temperature
(T=20°C), and 600 tr/min for agitation, trivalent chromium concentration at solution increases with ionic strengths, it
also increases with high CaCO3 values. The calculated pH, initial concentration of ligand and presence of chromium
hydroxides forms shows a little variation with experimental ones.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer]
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1. Introduction
Removal of heavy metal ions such as nickel, zinc, chromium, copper, etc. and/or organic contaminants
from aqueous solutions is a problem frequently encountered in the treatment of industrial wastewaters [1].
Chromium is one of the toxic metals found in various industrial wastes, generally as hexavalent Cr(VI)
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and trivalent Cr(III) ions [2]. A variety of separation processes for metal ions have been developed,
precipitation has been used as the conventional treatment method for heavy metals. However, the metal
concentration of treated water cannot be reduced below the solubility of precipitate. Ion-exchange can
remove heavy metal ions effectively and selectively, but the cost of resin is relatively high. Membrane
processes such as nanofiltration (NF) or reverse osmosis (RO) can remove heavy metal ions with high
efficiency, but their problems include high energy consumption and low permeate flux [3]. In order to
overcome these problems, the ultrafiltration–complexation, also named polymer assisted ultrafiltration
(PAUF), was introduced. Ultrafiltration can be used for removal of trace metals from aqueous streams,
provided that these metals are primarily bound to water-soluble polymers (ligand) [4]. The unbound
metals pass through the membrane, whereas the polymers and their complexes are retained. This PAUF
process can be applied for various purposes such as the treatment of waste effluents, groundwater and
seawater. The advantages of this method are the low-energy requirements involved in the ultrafiltration
and the high removal efficiency because of effective binding [5]. In this first part, the optimization of
Complexation conditions between EDTA and Cr(III) has been carried out; such as pH of the solution,
agitated velocity, initial concentration of EDTA, salts effect and temperatures; modeling study of this
complexation reaction has also been realized, by taking account of the other reactions which can takes
place, formation of chromium hydroxides and others forms of EDTA.
2. Complexation reaction
The complexation reaction of chromium with EDTA is given by:
Where EDTA indicate all acido-basic forms of EDTA not complexed and is the complex
formed. The follow-up of this reaction can be assured by determination of residual concentrations of
chromium after determination of the absorbances with time, the measurement of initial and infinite (after
24 hours) absorbances is also necessary. It‘s important to indicate that the trivalent chromium and the
complex absorb in the same wave length (540 nm) [6].
The reaction of aqueous Cr3+ with EDTA is essentially irreversible [6], the rate (r) of this complexation
reaction is written as:
r = k [Cr3+] n [EDTA]m (1)
k is the constant of rate; n and m are the partials orders of reaction
With excess of EDTA, : k’ = k [EDTA]m (2)
Where k’ is the apparent constant of rate. Then:
r = k’ [Cr3+] n (3)
It’s the Pseudo first order reaction (n=1).
r = d[Cr3+] / dt = - k’ [Cr3+] (4)
We note x = Cr3+ and y = Cr-EDTA.
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d [Cr3+] / dt = - k’ [Cr3+] = - k’ [x] (5)
3+ and Cr-EDTA absorb, from where the Beer-Lambert law [6] :
x y [y] (6)
x y are the molar absorbance coefficient of x and y; and A is the absorbance
Initial absorbance is given by the following equation (the complex do not exist)
A0 x [x]0 (7)
Infinite absorbance is :
Ainf y [yinf y [x0] (8)
[yinf] = [x0] (Total reaction, excess of reagents).
With : Ainf : infinite absorbance, corresponding at infinite concentration of complexe yinf .
We have :
[x0] = [x] + [y] (9)
Equation (9) is replaced in (6), then:
x y ([x0] - [x]) (10)
x y) y [x0]
x y) and according to (8) that will be :
y [x0] = Ainf
From where:
inf
A - Ainf
[x] = (A - Ainf
We have the expression of the rate (eq. 5) : d [x]/dt = - k’[x]
d((A - Ainf inf
d((A - Ainf inf
d(Ainf – A) / (Ainf – A) = - k’ dt (12)
Then:
ln((Ainf – A)/(Ainf – A0)) = - k’t (13)
ln((Ainf – A0)/(Ainf – A)) = k’t = ln[Cr3+]0 / ln[Cr3+]t (14)
The plot of the function ln((Ainf – A0)/(Ainf – A)) with time gives the k’ values, witch is the slope of this
line.
According to the equation (14), the chromium concentration can be obtained for each reaction time.
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2. Modeling
The study of the complexation reaction concern the determination of the cation concentrations using
the mass balance of the various species present in the medium of this reaction, and their influences on the
formation and the stability of the complex. These species other than metal and ligand enter in competition
with the principal reaction of complexation (like acido-basic balances of the EDTA or the complexes
hydroxides of Chromium); thus the principal factor which influences the balance of this reaction of
complexation will be the pH of the medium. In the case of the complexation with EDTA, the medium of
complexation will be the sum of the following reactions [7]:
Ka1 , Ka2
Ka3 , Ka4
K1 , Km1
Km2 , Kd
Ka1, Ka2, Ka3and Ka4 are the acidic constants of EDTA(Y4-); K1 is the formation constant of complex CrY-
Km1 and Km2 are the formation constants of the hydroxide complexes.
The evaluation of the concentrations of the various species in the medium of complexation is assured by
solving the nonlinear system of equations composed of:
- formation constants of the complexes and acidity of EDTA :
; ; ; ; ;
; ; .
- mass balance :
(15)
(16)
The resolution is carried out by a computer code in MATLAB 7.7 Language.
Cr(OH) = [Cr’]/ [Cr]=1+ [OH- 1+ [OH- 2+ [OH-] 2[Cr] kd (17)
Y(H) 1+ [H] 2 2+ [H]3 3+ [H]4 4 (18)
Such as :
- 1, 2, …, n : are the Products of the constants of stability of the acido-basic forms of EDTA or
of the chromium hydroxides.
For the EDTA : , , ,
For the chromium hydroxides : , .
- Km1, Km2 : constants of stability of the mononuclear basic complexes ( , ).
- Kd : constant of stability of the dinuclear complex.
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Secondary coefficients of reactions constituting a means of quantifying the influence of the parallel
reactions which take place.
The conditional stability constant K is calculated according to the relation:
KCr’Y’ = KCrY Cr(OH) Y(H) (19)
Thus:
Log KCr’Y’ = Log KCrY Cr(OH) Y(H) (20)
The constants values are available in the reference [8].
3. Materials and methods
The study of the chromium complexation in this experimental work consists to place into batch two
aqueous solutions, one is 4 ml of chromium at 0,06 M and the other containing the EDTA at 0,1 M
previously bringing at pH=5,1 with a volume of 76 ml. The aim of every stage of this study is
determining an optimum : agitation, initial concentration of EDTA, pH, temperature and concentration of
salts, every stage use the optimum values of previous tests until to get all the optimums together and reach
the lowest residuals concentrations of chromium. The adjustments of pH are realized by using H2SO4 and
NaOH solutions.
Determination of chromium concentrations was carried out by using a colorimetric method; and
absorbance reading at a 540nm wavelength by a spectrophotometer UV–Visible 160U.
4. Results
4.1. Influence of agitation rate and initial concentration of EDTA
Before studying the influence of agitation rate, a comparative study between our results and those of
Szafran [6] was undertaken without agitation.
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Fig. 1. Comparative study between Szafran results [6] and our results (without agitation)
([EDTA]0=0 .095 M, [Cr3+]0 = 0,003 M, T=20 °C, pH=5,1)
According to the figure 1 it is noted that there is a similarity variation of the concentration of chromium
with time, a gap between the values obtained by Szafran [6] and our values is observed especially rather
high times (35 and 40 min).
The purpose of agitation in the reactional medium is to homogenize the concentrations of the various
species and to increase the reaction speed as well as the surface of contact between the reagents (ligands-
cations). In what follows, a variation of agitation rate was studied for determination of optimal rate
corresponding to the elimination of most trivalent chromium, the EDTA is in excess compared to
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chromium. In our study, the agitation rate varies between 200 and 800 tours/min ; the results are
presented on the figure 2.
By always keeping an excess of EDTA, a variation of the quantity of this last was studied for the same
initial quantity of chromium, the results obtained are presented on the figure 3.
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Fig. 2. Influence of agitation rate on the elimination Fig. 3.Influence of initial concentration of the ligand (EDTA)
of chromium with time ([EDTA] 0=0 .095 M, on the chromium concentration with time ([Cr3+] 0 = 0,003 M,
[Cr3+] 0 = 0,003 M, T=20 °C, pH=5,1) pH=5.1, T=20 °C, Agt = 600 trs/min)
According to the obtained results, it is noted that when agitation increase the quantity of residual
chromium decreases in solution, the best output corresponds to the agitation rate of 800 trs/min and
almost equal to that of 600 trs/min ; for the remainder of our work this last value is chosen.
An increase in the quantity of the EDTA in solution involves a good elimination of chromium, thus, for a
concentration of EDTA equal to 0,095 M and for duration of 40 minutes, the elimination of chromium is
almost total.
4.2. Influence of pH and temperature
The pH is a very significant parameter for the reactions of complexation and of precipitation, this last
was studied in order to determine its optimal value for a reaction of complexation and to thus avoid the
precipitation of the cation in the form of hydroxide; the whole of the results is presented on the figure 4.
The temperature is also a significant parameter for all the chemical reactions; the following figure
presents influence of the temperature on complexation reaction with time:
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Fig. 4. Influence of pH on the chromium concentration Fig. 5.Influence of temperature on the chromium concentration
with time ([EDTA]0=0.095 M, T=20 °C, with time. ([EDTA] 0=0 .095 M, [Cr3+] 0 = 0,003 M,
Agt = 600 trs/min,[Cr3+] = 0.003mol /l) Agitation = 600 tr/min, pH=5,1)
Figure 4 shows that a pH of 5,1 is very favorable for the complexation reaction of chromium by the
EDTA, for this value of the pH, the EDTA is in the form of H2Y2- what was also observed by Szafran
[6], by increasing the pH solution about the neutral middle (until pH = 7) the elimination of chromium
will be less significant, on the other hand with a pH equal to 8 the reduction of the concentration of
chromium becomes very significant, that is due to a competition of the reaction of precipitation with the
reaction of complexation, that wants to say that most of chromium (III) was precipitated in the form of
hydroxides Cr(OH)3. It is to be announced that the calculated pH corresponding to the formation of the
maximum of complex (Cr-EDTA) at a value of 6, which is very acceptable like result.
According to the results presented in the figure 5, it is noted that an increase in the temperature from 20
to 30°C led a rather significant increase in the concentration of trivalent chromium in the solution, if we
continue to increase the temperature until 50°C, the elimination of the metal cation becomes more
significant and almost equal to that of 20°C. A temperature of 20°C is thus very suitable for this reaction
of complexation.
4.3. Influence of concentration of salts ( NaCl and CaCO3)
In order to know the influence of the ionic force on the reaction of complexation of trivalent chromium
with the EDTA, the curves representing the variation of the residual concentration of the cation with time
for various concentrations of salt are presented.
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Fig. 6. Influence of NaCl on the chromium concentration Fig. 7. Influence of CaCO3 on the chromium concentration
with time [EDTA] 0=0 .095 M, [Cr3+] 0 = 0,003 M, with time [EDTA]0=0.095 M, [Cr3+]0 = 0,003 M,
Agitation = 600 tr/min, pH=5,1, T=20 °C Agitation = 600 tr/min, pH=5,1, T=20°C
Figure 6 shows an increase in the remaining concentration or not complexed of chromium with time
when the initial concentration of salt increases. Thus, an elevation of the residual chromium concentration
from 4,918×10-5 mol/l (at t=40 min) to 0,00177 mol/l (at t=40 min) is caused by the addition of the salt
from 0 to 0,5 mol/l respectively; we can say that the presence of salt can embarrass the reaction of
complexation of chromium (III) by the EDTA, that can be due to reactions of the ligand with the cations
Na+.
At pH equal 5.1(figure 7), CO32- is in form HCO3-, and the cations Ca2+ thus can react with EDTA
forming the complex Ca-EDTA which is rather stable parallel to the complex Cr-EDTA, for this reason
we can observe an increase in the concentration of the chromium of 4,918×10-5 mol/l (at t=40min) for a
solution not containing CaCO3 until 0,00135mol/l (at t=40min) compared with solution containing 90mg/l
of CaCO3. The same remark was made in the case of NaCl.
4.4. Comparative study between experimental and calculated results
-. Initial concentration of EDTA and pH
0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10
0,0000000
0,0000005
0,0000010
0,0000015
0,0000020
0,0000025
0,0000030
Cal.
Exp.
[C
r3
+ ]
(M
ol
/L
)
[EDTA]0 (Mol/L)
-2 0 2 4 6 8 10 12 14 16
0,000
0,001
0,002
0,003
0,004
0,005
0,006
Cal.
Exp.
[C
r3
+ ]
(M
ol
/L
)
pH
Fig. 8. Comparison between experimental and calculated Fig. 9. Comparison between experimental and calculated
values of chromium concentrations with [EDTA]0 values of chromium concentrations with pH
([Cr3+] 0 = 0.003 mol/l, pH=5.1, T = 20 °C) ([Cr3+] 0 = 0.003 mol/l, [EDTA] 0=0,095mol/l, T = 20 °C)
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According to the figure 8, we note the existence of a difference between the computed and
experimental values of the chromium concentrations not complexed for low values of the initial
concentration of the EDTA and that this difference is cancelled for great initial concentrations of this last,
what justifies the use of an excess of the EDTA for a better elimination of chromium.
The figure 9 shows that the same pace of variation was almost obtained for the concentration of
chromium according to the pH for the two cases (calculated and experimental). It is noticed that there is a
difference between the experimental and calculated values of chromium corresponding to low values of
pH, while this difference tends to be cancelled for great values of pH.
4.5. Influence of pH on the formation of the complex (Cr-EDTA) and of the Hydroxides of chromium
The calculated results relating to effect of pH on the formation of the complex Cr-EDTA and
hydroxides forms of chromium is presented by the following figures:
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Fig. 10. Variation of the decimal logarithm concentrations Fig. 11. Influence of the formation of ( )
of the complex (Cr-Y) and of the chromium hydroxides on the variation of the conditional constants
with the pH [EDTA] 0 =0.095 M, [Cr]0 =0.003M. and complexation coefficients.
According to the figure representing the influence of the pH on the concentrations of the complex
(CrY-) and of the hydroxides of chromium (Fig.10), it is noticed that the curve of the formed complex
remain constant and represents a landing on all along the field of pH, while the remaining concentration
of chromium decreases with the pH, and this is probably due to the formation of the complex and to
increase in the quantities of hydroxides ( ) formed which will advantage consume the chromium
with the complexation.
The conditional constant then gives the relation between the quantities who interest indeed the analyst :
concentration of the formed product [Cr-EDTA], initial concentration of metal [Cr’] (by considering the
principal reaction), and total concentration of the co-ordinate not complexed [Y’]. This definition shows
that a conditional constant depends on the experimental conditions, and particularly of the concentrations
of other species present in solution [8].
The aim of representation of conditional constant with the pH (Figure 11) is the determination of its
optimum, which represents the pH giving the maximum quantity of complex (Cr-EDTA) formed by
taking into account the remaining quantities of chromium and EDTA represented by the curves of
variation of Log (Cr(OH)) and Log (Y(H)).
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Figure 11 shows that the formed quantity of makes a move for the optimum of the
conditional constant towards the pH slightly acid (pHopt =6), and towards the pH slightly basic (pHopt =9)
if this hydroxide complex is neglected. This result shows probably the importance of the introduction of
this term into calculations for a better precision into results and justify the value of pH chosen in our
experimental (pHExp =5,1) [6]. A.RINGBON [8] neglects the quantities of the complexes (
formed mainly in the basic field and the curves obtained by this author are almost the same ones as those
in dotted lines in (Fig.11).
5. Conclusion
In this first part, an experimental study of the Complexation reaction of Cr(III) with EDTA as
chelating agent is carried out, to determine the optimum conditions such as agitation rate, pH,
temperature, initial concentration of EDTA, presence of salts; the main results show that for 600 trs/min
of agitation rate, 5.1 of pH, ordinary temperature, excess of chelating agent (EDTA) corresponding to
0.095M for 0.003 M of chromium give the better elimination of chromium. The presence of salts (NaCl,
CaCO3) leads to the reduction in the capacity of Complexation reaction; comparative study between our
results and those of Szafran [6] without agitation shows a similarity variation of the chromium
concentration with time. In addition, our work concerned the modeling of this complexation reaction
(Cr(III) by the EDTA (ethylene diamine tetra-acetate)), with the presence of the parallel reactions
(formation of chromium hydroxides and the other acid forms of EDTA); the system of nonlinear
equations obtained is solved by a computer code based on a MATLAB 7.7 language, using the values of
different constant (stability, acido-basic,…); the results obtained in this case show the importance of
taking into account the formation of chromium hydroxide Cr(OH)2+ which corresponds to an optimal
value of the pH of 6 (near to 5.1: experimental value), contrary to certain authors who neglect this
species [8]. Good agreement between experimental and calculated results is observed.
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